Introduction
============

Pancreatic cancer accounts for only approximately 3% of all malignancies, but is one of the most fatal malignancies worldwide.[@b1-dddt-9-3677] Over 80% of patients presenting with advanced disease at diagnosis require chemotherapy.[@b2-dddt-9-3677] Gemcitabine is recognized as the standard first-line regimen for metastatic pancreatic cancer.[@b3-dddt-9-3677] Half of the metastatic pancreatic cancer patients remain in relatively good performance status even after the failure of gemcitabine treatment and may undergo subsequent line(s) of chemotherapy. A fluoropyrimidine-based regimen is commonly used for gemcitabine-refractory patients.[@b4-dddt-9-3677] Irinotecan, an inhibitor of DNA topoisomerase I, demonstrated potent activity against pancreatic cancer.[@b5-dddt-9-3677] A FOLFIRINOX regimen, containing leucovorin (FOL), 5-fluorouracil (F), irinotecan (IRIN), and oxaliplatin (OX), showed survival benefits compared with gemcitabine monotherapy in the first setting. However, FOLFIRINOX had increased toxicity and should be selectively used in cases with good performance status.[@b6-dddt-9-3677] Both irinotecan monotherapy and the FOLFIRI regimen were moderately effective and tolerable in pancreatic patients as a second- or further-line treatment.[@b7-dddt-9-3677]--[@b9-dddt-9-3677]

Biliary tract cancer is an uncommon but highly fatal malignancy. In Western countries, only 10% of patients present with early resectable disease. However, the majority of even those patients who undergo radical operation ultimately experience recurrence. Chemotherapy is commonly used to postpone tumor progression and prolong survival.[@b10-dddt-9-3677],[@b11-dddt-9-3677] Gemcitabine plus cisplatin has become the standard regimen for advanced biliary tract cancer.[@b12-dddt-9-3677] However, evidence regarding second-line chemotherapy remains limited. Irinotecan monotherapy had a modest antitumor effect in patients previously treated with gemcitabine, cisplatin, or fluoropyrimidine.[@b13-dddt-9-3677] FOLFIRI was reported feasible and well tolerated in patients with biliary tract cancer.[@b14-dddt-9-3677]

Severe delayed-onset diarrhea and neutropenia were the major dose-limiting toxicities of irinotecan. SN-38, the active metabolite of irinotecan, is the main cause of irinotecan-related toxicities. SN-38 is inactivated by uridine diphosphate glucuronosyltransferases (UGTs), of which UGT1A1 plays an important role. UGT1A1 gene polymorphisms, especially UGT1A1\*28 and UGT1A1\*6, influence the protein expression and enzyme activity of UGT1A1. Controversial conclusions remain regarding the distinct frequency of UGT1A1 genotypes between Western and Asian populations.[@b15-dddt-9-3677],[@b16-dddt-9-3677] This study set out to investigate the relationship between UGT1A1\*6/\*28 polymorphisms and toxicities in Chinese patients with advanced pancreatic or biliary tract cancer to whom were administered irinotecan-containing regimens as the second- or third-line chemotherapy.

Patients and methods
====================

Patients
--------

A total of 36 patients with unresectable pancreatic cancer and 12 patients with unresectable biliary tract cancer, who were treated in the Department of Oncology of Shanghai Ruijin Hospital from January 2012 to December 2014, were retrospectively included in this study. All patients received irinotecan-containing regimens as the second- or third-line chemotherapy. The main inclusion criteria were histologically or cytologically confirmed adenocarcinoma, relatively good performance status (Eastern Cooperative Oncology Group performance status, 0--1), life expectancy of at least 3 months, and adequate organ function (bone marrow: leukocytes ≥3,000/mm^3^, neutrophils ≥1,500/mm^3^, hemoglobin ≥9.0 g/dL, and platelets ≥100,000/mm^3^; liver function: total bilirubin \<1.5 times the upper limit of normal, aspartate/alanine aminotransferase \<1.5 times the upper limit of normal; renal function: serum creatinine \<1.2 mg/dL). All patients gave their written informed consents, approved by the institutional review board of Shanghai Ruijin Hospital.

Treatment and evaluation
------------------------

Approximately 33 patients were treated with the FOLFIRI regimen (irinotecan 180 mg/m^2^ at day 1, CF 200 mg/m^2^ at day 1--2, 5-FU 400 mg/m^2^ at day 1--2, followed by continuous infusion of 5-FU 600 mg/m^2^ for 22 hours at day 1--2, every 2 weeks). A total of 15 patients were treated with irinotecan monotherapy (180 mg/m^2^, every 2 weeks). When grade IV neutropenia or delayed-onset diarrhea occurred, the dose of irinotecan was reduced to 80% in subsequent cycles. In the case of liver dysfunction due to biliary tract obstruction, the therapy was reintroduced without dose reduction after biliary tract drainage. The treatment was terminated in case of disease progression or intolerable toxicities. Objective response was evaluated according to Response Evaluation Criteria in Solid Tumors (RECIST 1.0). Adverse events were evaluated by the Common Terminology Criteria for Adverse Events (CTCAE 3.0). Grade III--IV neutropenia and diarrhea were defined as severe toxicities.

Genotyping of UGT1A1
--------------------

Peripheral blood samples were collected before chemotherapy. Genomic DNA was extracted by the QIAamp Blood Kit (Qiagen, Hilden, Germany). DNA fragments containing UGT1A1\*6 (211 G \> A) and UGT1A1\*28 (−53 TA6 \> TA7) were both amplified by PCR (polymerase chain reaction) using primers (5′-CCTGCTACCTTTGTGGACTGAC-3′ \[forward primer\] and 5′-TGCCCGAGACTAACAAAAGACT-3′ \[reverse primer\]). Steps were taken strictly according to the working protocols to prevent contamination, such as wearing gloves, using aerosol tips (tips with a wad of cotton at the top), and not spitting in the tubes. The reaction conditions were 94°C for 5 minutes, 40 cycles of 94°C for 15 seconds, 60°C for 25 seconds, 72°C for 30 seconds, and final extension at 72°C for 7 minutes. PCR products were preserved in −20°C. All polymorphisms were confirmed by direct sequencing.

Statistical analysis
--------------------

Hardy--Weinberg equilibrium was tested in all polymorphisms. The association between UGT1A1 polymorphisms and irinotecan-related toxicities was analyzed by the *χ*^2^ test or Fisher's exact test. Data were analyzed by SPSS 16.0 (SPSS Inc, Chicago, IL, USA), and two-sided *P*\<0.05 was considered a significant difference.

Results
=======

Patients' characteristics
-------------------------

The clinical characteristics of the patients included in this study are summarized in [Table 1](#t1-dddt-9-3677){ref-type="table"}. The patients consisted of 25 males and 23 females with a median age of 56.2 years (range: 24--72 years). A total of 20 patients (41.6%) underwent biliary drainage due to obstructive jaundice. All patients had previously received gemcitabine-based monotherapy or combination chemotherapy as the first-line treatment. Approximately 12 patients received S-1-containing regimens as the second-line treatment. A total of 288 cycles of irinotecan-containing chemotherapy were administered in this study. The median number of cycles of administration was six (range: 2--12).

Status of UGT1A1\*6/\*28 polymorphisms
--------------------------------------

The frequencies of GG, GA, AA genotypes for UGT1A1\*6 and TA6/TA6, TA6/TA7, and TA7/TA7 for UGT1A1\*28 were 70.8% (n=34), 25.0% (n=12), 4.2% (n=2) and 79.2% (n=38), 18.8% (n=9), 2.0% (n=1), respectively ([Table 2](#t2-dddt-9-3677){ref-type="table"}). Both polymorphisms fit Hardy--Weinberg equilibrium (*P*=0.488 and 0.598, respectively). According to the numbers of variants, the patients were classified into three groups: double wild-type (patients with GG and TA6/TA6 genotype, n=24, 50%), heterozygous variant type (patients with GA and TA6/TA6 genotype or GG and TA6/TA7 genotype, n=21, 43.8%), and homozygous variant type (patients with GG and TA7/TA7 genotype or AA and TA6/TA6 genotype, n=3, 6.2%). Examples of the sequencing chromatograms are shown in [Figure S1](#SD1-dddt-9-3677){ref-type="supplementary-material"}.

Analysis of irinotecan-related severe toxicities
------------------------------------------------

Grade III--IV neutropenia occurred in 22 patients (45.8%), and six patients (12.5%) experienced grade III--IV diarrhea. No relationship was found between grade III--IV toxicities and clinical parameters, including age, sex, performance status, and line of treatment. Compared with those treated with irinotecan monotherapy, patients receiving the FOLFIRI regimen had a trend for higher risk of severe neutropenia (37.5% vs 8.3%, *P*=0.072; [Table 3](#t3-dddt-9-3677){ref-type="table"}).

Relationship between UGT1A1\*6/\*28 polymorphisms and irinotecan-related toxicities
-----------------------------------------------------------------------------------

The incidence of grade III--IV neutropenia in patients with UGT1A1\*6 GA or AA genotype was 71.4%, significantly higher than that with GG genotype (35.3%, *P*=0.022). However, no relationship was found between grade III--IV neutropenia and UGT1A1\*28 polymorphism. Moreover, compared with those with double wild-type, patients with heterozygous variant type (GG and TA6/TA7 genotype or GA and TA6/TA6 genotype) or homozygous variant type (GG and TA7/TA7 genotype or AA and TA6/TA6 genotype) showed a significantly higher incidence of grade III--IV neutropenia (*P*=0.004, [Table 4](#t4-dddt-9-3677){ref-type="table"}).

However, the statistical analysis between grade III--IV diarrhea and UGT1A1\*6/\*28 polymorphisms was not conducted, because only six patients developed grade III--IV diarrhea. Among them, one was double wild-type, three were heterozygous variant type (two carrying GG and TA6/TA7 genotype, and one carrying GA and TA6/TA6 genotype), and the other two were homozygous variant type (one carrying GG and TA7/TA7 genotype, and one carrying AA and TA6/TA6 genotype).

Discussion
==========

The role of UGT1A1 polymorphisms in the occurrence of irinotecan-related toxicities has been substantially documented, especially in colorectal cancer.[@b15-dddt-9-3677] Recently, Sharma et al[@b17-dddt-9-3677] investigated dose modification of FOLIRINOX based on UGT1A1\*28 genotyping in previously untreated patients with advanced pancreatic, biliary tract, and gastric cancer. In this study, we analyzed the relationship between UGT1A1\*6/\*28 polymorphisms and the development of toxicities in Chinese patients with pancreatic or biliary tract cancer, who were administered irinotecan-containing regimens as the second- or third-line chemotherapy. Patients with UGT1A1\*6 GA or AA genotype had a significantly higher risk of developing severe neutropenia than those with GG genotype.

Many studies reported that the frequencies of UGT1A1 variants varied distinctly by different ethnic populations. Regarding UGT1A1\*28, \~50% were TA6/TA6, 40% were TA6/TA7, and 10% were TA7/TA7 genotypes in the white population. The proportion of TA7/TA7 genotype was also \~10% in individuals of African origin, but less than half of that in Asians.[@b15-dddt-9-3677],[@b16-dddt-9-3677] In contrast, the frequency of the UGT1A1\*6 allele (211 A) in Eastern Asians was much higher than that in white Americans.[@b18-dddt-9-3677] However, the distribution of UGT1A1\*6/\*28 was similar in Chinese and Japanese.[@b19-dddt-9-3677] In the Chinese population, no significant difference in the distribution of UGT1A1\*6/\*28 polymorphisms was observed among primary tumor sites of pancreatic or biliary tract cancer, gastric cancer, esophageal cancer, and colorectal cancer, according to the findings in this study and the genotyping results of 42 gastric cancer patients, 91 esophageal cancer patients, and 276 colorectal cancer patients in the other studies.[@b20-dddt-9-3677],[@b21-dddt-9-3677]

A series of TA repeats in the proximal promoter of UGT1A1 vary from five to eight in length; the lower the number of repeats, the more efficient the transcriptional activity of the gene. The commonest alleles are those with six and seven repeats. It was reported that the patients carrying the UGT1A1\*28 TA7/TA7 genotype in Western countries had an increased risk of severe irinotecan-related toxicities, especially delayed-onset diarrhea.[@b22-dddt-9-3677] In this study, severe diarrhea occurred only in six patients. The statistical analysis between severe diarrhea and UGT1A1\*28 polymorphism was not conducted because of the limited number of patients. It was controversial that UGT1A1\*28 polymorphism was associated with severe diarrhea in Chinese patients with gastrointestinal cancer.[@b19-dddt-9-3677]--[@b21-dddt-9-3677] The low frequency of the TA7/TA7 genotype in Chinese might not completely contribute to the low incidence of severe diarrhea. The results need validation in the larger samples.

It had been reported that the UGT1A1\*28 polymorphism could predict irinotecan-related severe neutropenia,[@b21-dddt-9-3677],[@b22-dddt-9-3677] but the association between UGT1A1\*28 and severe neutropenia was not found in this study. The overall incidence of severe neutropenia was 45.8%, while it was 42.1% in patients carrying the TA6/TA6 genotype. Thus, the role of UGT1A1\*28 in predicting severe neutropenia needs further investigation in the Chinese population. The administration of additional chemotherapy agents was an additional significant risk factor.[@b15-dddt-9-3677] In our study, the patients receiving the FOLFIRI regimen had a trend for higher incidence of severe neutropenia. To diminish the risk of severe neutropenia, a reduced irinotecan dose of 150 mg/m^2^ is recommended in the FOLFIRI regimen in Japan.[@b23-dddt-9-3677]

Particularly important to Eastern Asians, UGT1A1\*6 (211 G \> A) reduced catalytic function by 60%.[@b24-dddt-9-3677] The results of several studies indicated that the UGT1A1\*6 allele could predict severe neutropenia in Eastern Asians.[@b20-dddt-9-3677],[@b21-dddt-9-3677],[@b25-dddt-9-3677] However, the relationship between the UGT1A1\*6 allele and diarrhea was rare. Consistent with those results, it was observed that the UGT1A1\*6 allele was related to severe neutropenia, but not severe diarrhea. Such patients carrying GA or AA genotype should be monitored carefully when receiving irinotecan-containing regimens.

A subset of patients without variants of UGT1A1\*6/\*28 experienced severe toxicity, indicating that some other factors besides UGT1A1 polymorphisms could impact the occurrence of irinotecan-related toxicities, such as prior chemotherapy, dose of irinotecan, total bilirubin, other polymorphisms in UGT1A gene family members, and other participators in irinotecan metabolism.[@b26-dddt-9-3677]--[@b29-dddt-9-3677] Until now, no clear dosing strategy for the variants has been defined. Concerns about efficacy interference are appropriate and need to be addressed prospectively. Further large sample studies aiming to guide the irinotecan dose modification based on UGT1A1 polymorphisms are needed.
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Examples of sequencing chromatograms of UGT1A1\*6/\*28 polymorphisms.
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###### 

Patient characteristics

  Characteristics                  n    \%
  -------------------------------- ---- ------
  Age (years)                           
   ≤60                             26   54.2
   \>60                            22   25.8
  Sex                                   
   Male                            25   52.1
   Female                          23   47.9
  ECOG                                  
   0                               33   68.7
   1                               15   31.3
  Location of primary tumor             
   Pancreatic cancer               36   75.0
   Biliary tract cancer            12   25.0
  Extent of disease                     
   Locally advanced                27   56.2
   Metastatic                      21   43.8
  Biliary drainage                      
   Endoscopic drainage             16   33.3
   Percutaneous drainage           4    8.3
  Line of treatment                     
   Second line                     36   75.0
   Third line                      12   25.0
  Prior first-line chemotherapy         
   Gemcitabine                     4    8.3
   Gemcitabine + oxaliplatin       28   58.4
   Gemcitabine + cisplatin         12   25.0
   Gemcitabine + nab-paclitaxel    4    8.3
  Prior second-line chemotherapy        
   S-1                             2    4.2
   S-1 + oxaliplatin               10   20.8
  Current treatment                     
   FOLFIRI                         33   68.7
   Irinotecan monotherapy          15   31.3

**Abbreviations:** ECOG, Eastern Cooperative Oncology Group; FOLFIRI, a chemotherapy regimen containing folinic acid (FOL), fluorouracil (F), and irinotecan (IRI).

###### 

Genotyping of UGT1A1\*6/\*28 in 48 patients

  Genotyping                 n    \%
  -------------------------- ---- ------
  UGT1A1\*6                       
   GG                        34   70.8
   GA                        12   25.0
   AA                        2    4.2
  UGT1A1\*28                      
   TA6/TA6                   38   79.2
   TA6/TA7                   9    18.8
   TA7/TA7                   1    2.0
  UGT1A1\*6 and UGT1A1\*28        
   GG and TA6/TA6            24   50.0
   GG and TA6/TA7            9    18.8
   GG and TA7/TA7            1    2.0
   GA and TA6/TA6            12   25.0
   GA and TA6/TA7            0    0.0
   GA and TA7/TA7            0    0.0
   AA and TA6/TA6            2    4.2
   AA and TA6/TA7            0    0.0
   AA and TA7/TA7            0    0.0

###### 

Relationship between clinical characteristics and irinotecan-related toxicities

  Characteristics           Neutropenia grade, n (%)   *P*-value   Diarrhea grade, n (%)   *P*-value             
  ------------------------- -------------------------- ----------- ----------------------- ----------- --------- -------
  Age (years)                                                                                                    
   ≤60                      14 (29.2)                  12 (25.0)   0.961                   23 (47.9)   3 (6.3)   1.000
   \>60                     12 (25.0)                  10 (20.8)                           19 (39.5)   3 (6.3)   
  Sex                                                                                                            
   Male                     12 (25.0)                  13 (27.1)   0.371                   22 (45.7)   3 (6.3)   1.000
   Female                   14 (29.2)                  9 (18.8)                            20 (41.7)   3 (6.3)   
  ECOG                                                                                                           
   0                        18 (37.5)                  15 (31.2)   0.938                   29 (60.4)   4 (8.3)   1.000
   1                        8 (16.7)                   7 (14.6)                            13 (27.1)   2 (4.2)   
  Line of treatment                                                                                              
   Second line              20 (41.7)                  16 (33.3)   0.738                   32 (66.7)   4 (8.3)   0.631
   Third line               6 (12.5)                   6 (12.5)                            10 (20.8)   2 (4.2)   
  Current treatment                                                                                              
   FOLFIRI                  15 (31.2)                  18 (37.5)   0.072                   30 (62.4)   3 (6.3)   0.360
   Irinotecan monotherapy   11 (22.9)                  4 (8.3)                             12 (25.0)   3 (6.3)   

**Abbreviations:** ECOG, Eastern Cooperative Oncology Group; FOLFIRI, a chemotherapy regimen containing folinic acid (FOL), fluorouracil (F), and irinotecan (IRI).

###### 

Relationship between UGT1A1\*6/\*28 polymorphisms and neutropenia

  Genotyping                   Neutropenia grade, n (%)   *P*-value   
  ---------------------------- -------------------------- ----------- -------
  UGT1A1\*6                                                           
   GG                          22 (64.7)                  12 (35.3)   0.022
   GA or AA                    4 (28.6)                   10 (71.4)   
  UGT1A1\*28                                                          
   TA6/TA6                     22 (57.9)                  16 (42.1)   0.312
   TA6/TA7 or TA7/TA7          4 (40.0)                   6 (60.0)    
  UGT1A1\*6/\*28                                                      
   Double wild-type            18 (75.0)                  6 (25.0)    0.004
   Heterozygous variant type   8 (38.1)                   13 (61.9)   
   Homozygous variant type     0 (0.0)                    3 (100.0)   
